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RESULTSOF HEATT_NSFER TESTSOEA. -

O.O175-SCALESPACESHUTTLE_EHICLE5 MODEL(60-OTS)

IN THENASA-AMESRESEARCHCENTER

3.5-FOOT HYPERSONICWINDTUNNEL(TEST IH48)

by

WilliamH. Dye, RockwellInternationalSpace Dlvlson
i WilliamK. Lockman_NASA-AmesResearchCenter

ABSTRACT
i

!
Presented_n this report are heat transferdata for a .O175-scale

! model of the RockwellInternationalSpace ShuttleVehicle5. The primary
L_

purposeof these tests was to obtainaerodynamicinterferenceheatingdata

on the externaltank in the tank alone,second-,and first-stageconfigura-

tions. Data were also obtainedon the Orbiterand solid rocketboosters.

The tests were conductedat the NASA-AmesResearchCenter 3.5-Foot

HypersonicWind Tunnel. NominalMach Nos. of 5.2 and 5.3 at nominalfree-

streamunit Reynoldsnumbersof 1.5 and 5.0 millionper foot, respectively,

, were investigated.
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INTRODUCTION

Wind tunnolte._tsnf the 60-OTSO.0175-_icalethin-GkintheMnucouple

model of the RockwellInternationalSpace ShuttleVehicle5 wo.rp,conducted

i in the NASA-AmesR_,searchCenter 3,5-fthypersonicwind tunnel. The tests

were conductedfrom April 21 throughMay 8, 1975.

The primarypurposeof these testswas to obtainaerodynamicinter-

ferenceheatlngdata on the externaltank. Datawere obtdlnedfor the

i; integratedvehicle(OTS),Orbiterplus tank (OT),and tank alone configu-
i!
' rationsat Mach numbersof 5.2 and 5.3 for Reynoldsnumbersof 1.5 x I06/

ft and 5.0 x 106/ft,respectively.

Boundary-layertransitiondeviceswere used for the majorityof the

tests to inducea turbulentboundarylayer on all configurationstested.

The integratedvehiclewas testedthroughan angle of attack range

i of -5° to +I0° and sideslipangles of 0° and -5° (noseright). The ex-
L

!, ternaltank (in OTS configuration)was testedwith the "nipple"nose and l

:i, all protuberences(lines,conduits,attachstruts,etc.). One data set 1

, was obtainedwith the externaltank interstage(intertank)unit added. ]

.:, Orbiterplus tank (OT)configurationwas testedthroughan angle of

.... attack range of -5° to +5° and sideslipanglesof 0° and -5°. The ex- !

_........ ternaltank (OT configuration)was testedwith nipplenose and protuber- !
I

•. ances,

The externaltank alone configurationwas testedwith no protuber-

ances (clean)with both the nipplenose (ET-N)and the ogive nose (ET-O).

The angle uf attack rangedfrom -lO° to +I0_. Sideslipangle was not
• I

,,L ,

L__ ., • .
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variedand rQmainodat 0". The ET_N wa_-te-_d with no trlp_whoroa5the

[T_O was _;_e.tod both with and without trips,
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";- r;OMENCLATUREi,

Plot

:,' _S_b_o/1 symb_oJ l)_ft ,',i t 1on

b tb_kno,_sof mode,l ,_kln

B span 1ength

C specificheat of model skirtmaterialor OM5 crease

c chord length

c Cp specificheat of air stream (perfectgas value)

CHAN CHAN recording-systemchannel
•_' j

__, Haw HAW adiabaticwall enthalpy

ii Ht HT free-streamtotal enthalpy

_F" Hwi HW enthalpybased on model wall temperaturefor given
_'i:. T/C locationat initialtime

h H heat-transfercoefficientat model wall for given
T/C location

hsor hRef HRF-F stagnation-pointheat-transfercoefficientfor
referencesphere

h/hs or H/HREF ratio of model heat-transfercoefficientto heat-
transfercoefficientof referencespherefor Haw/Ht-

h/href X.XXX

hi/hu HI/HU interference-to-undisturbedheat-transfercoefficient
" ratio

IML innermold line

L Length model referencelength

M MACH free-streamMach number

Pt PT free-streamtotal pressure

' "..... , ,, ,, rrl r INIIIIIII II ' II _"
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i, NOMeNClATURE(Continued)

_ Plot

i qi q h_at-transferrate at model wall for qlven T/C
_,. 1ocatlonat initialtlmo

I.,i qs QS or QREF stagnation-polntheat-transferrate for j,, referencesphereat initialtime
I i

i. q QDOT heat-trap_ferrate at model wall for givenT/C locdtion

i!. Rs RS referencesphereradiusat model scale equivalent

if" to 0,305 m (l ft) for full-scalevehicle

ReJft RN/L free-streamReynolds number per foot

Re=,L REL free-streamReynoldsnumber based o_ ,,,,:_;
referencelength,L

S assumedchordwlselocation(forClustersB and C) -

;, see Figure2

, ST STN NO Startonnumber based on free-streamflow
conditionsand the model heat-transfercoefficient

. for Haw/Ht = X.XXX

T temperature,..

Tt TT free-streamtotal temperature

, Twl TW model wall temperaturefor given T/C location
at initialtime

T/C TC NO thermocouple

t time

: ti TIME Inltlaltim@ (beforemodel insertioninto flow)
:: extrapolatedfrom f(Tw) vs time

u,V velocity

O1"
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- NOMENCLATURE(Continued)

_i Plot
:_, S_ol 3_vmbo]. Definition
-4

W densityof model skinmaterial

-'.' X axial distancemeasuredfrom nose

X0 Oribterlongitudinalstations
m%
g ;.

zJ

__ Xs SRB longitudinalstations

_i XT tank lonqitudinalstations

_" x/c X/C chordwiselocation,fractionof local chord

%

_i x/_ X/L longitudinalIocati_n,fractionof body length
_ Y spanwisedistancefrom centerline

|i='i" YO Orbiterlateralstations

Y SRB lateralstations
S

YT tank lateralstations

2Y/B spanwiselocation,fractionof semi-span

Z water plane distance

Z0 Orbiterverticalstations

ZS SRB verticalstations

ZT tank verticalstations

Z/B_, spanwiselocationon verticaltail, fraction
of exposedspan

o THETA tank radialpositionmeasuredclockwiselooking
forward,0 degreesat bottomcenterline

ALPHA angle of attack,degrees

I

DI).! 10

I
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_. NOMENCLATURE(Concluded)
t
f_c;. L

=_!, Plot
r,_, _ _ Defi ni tton
p_.K"'.'

_;_,.,
il ".- _ BETA angle of sideslip, degrees

i"' _ viscosityof air
>

_i P RHO densityof air

!,. ¢ PHI Orbiterradialpositionmeasuredclockwiselooking
'i!. forward 0 degreesat bottomcenterline
,l
?,'

_,.. _ PSl SRB radialpositionmeasuredclockwiselooking
i{,". forward. 0 degreesat bottomcenterline

}..'" p= PINF free-streampressure

V® VINF free-streamveloclty

T® TINF free-streamtemperature

Subscripts

aw adiabaticwal1

i initialvalue beforemodel insertion
into tunnel flow

i

I.i 0 Orblter
i

PG perfectgas (caloricallyand
, thermallyperfectgas)

s referencesphere

S SRB

t free-streamtotal condition

T tank

V verticaltail

w wall

® free-stream
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ii CONFIGURATIONSINVFSTIGATED

ii.

;; The 60 OTS is a O.Ol75-scalu,thln-skinthermocouplemodel of the

I'.C RockwellInternationalSpace ShuttleVehicle5 (VL72-000002C;see Fig. 2

_, (a)). The model is constructedfrom 17-4 PH stainlesssteel. The nominal
i('

=_ skin thicknessis 0.030 inchesat the thermocoupleinstrumentationareas.

_: The externaltank and solid rocketboostersare completewith conduits,
p,

!ii plumbinglines,attachhardware,etc. Figures2(b)and 2(c) definethe

_ protuberancelocations.

_ The externaltank may be testedwith or withoutprotuberances(in-
!i,:
_ cludinga stainlesssteel wrap around interstageunit). The ET may

El:.. also be testedwith eithera nipplenose or ogive nose,

The modelswere testedwith and withoutboundarylayer transition

devices. The "trips"consis_of 0.020-or O.OlS-inchdiameterstainless

steel balls spotwelded to .O05-1nchthick by .25-inchwide stainless

steel strips• The balls are separatedby 4 ball diameters(centerlineto

_" centerline) The trips are form fittedto the Orbiter,ET, and SRB at

constantX stations. Trip ball sizes and locationsfor each configuration
i?,"

:_ tested,are outlinedin Table VIII.

The configurationstestedare dmscribedbelow:

ColIation P1ors Description
Sheets

OTS OTS/NIPPLE/P/TRIP Integratedvehiclewith nipple-
nose tank, tankand SRB plumbing
lines (P),and trip rings on
Orbiter,tank, and SRB's;BA_ C_

F M R W V S _=T "_
E52 lO 16 IB I16 8 22 30

I •

I

" 12
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I
CONFIGURATIONSINVESTI(_ATED(Continued)

Collation Plots Description
Sheets

OTS OTS/NIPPLE/P/TRIP (O+S) _ntegrated vehtcle with ntpple nose
(0 + S) tank, tank and SRB plumbing11nes

(P), and trip rinqson Orbiterand
SRB (noneon tank);B62 C12 E52 FIO
MI6 Rl8 W116 V8 S22 T30

OTS-I OTS/NIPPLE/P/TRIP- INTS Integratedvehiclewith nipplenose
tank, tank and SRB plumbinglines,
and trip rings plus tank interstage

: unit, B62 C12 E52 FIO MI6 RI8 WII6
V8 S22 T30

OT OT/NIPPLE/P/TRIP Orbiterwith nipplenose tank, tank
plumbing,and trips on Orbiterand

•--. tank, B62 C12 E52 FIO MI6 RI8 WI16
V8 T30

ET-N ET/NIPPLE/CLEAN externaltank alone,nipplenose, no
no trips plumbing(CLEAN);T30

ET-O ET/OGIVE/CLEAN externaltank alone,oglve nose, no
no trips plumbing(CLEAN);T28

ET-O ET/OGIVE/CLEAN/TRIPS externaltank alone,ogive nose no
trips plumbing(CLEAN)but with trip ring;

T28

Detaileddimensionaldata for the above configurationsand componentsare

given in Table Ill. Photographsof the configurationsare given in

Figure 3.

. t,?

_ " . "_ __., ., , , ,................ - ".... | "'" , ! ..... I - --
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CONFIGURATIONSINVESTIGATED(Concluded)

Datasetidentifiersfor this test indicatethe type of data found

within each datasetes follows:

Firstcharacter:

R - h/href data

B = hi/hu data

Second& Third.character.(NB)- uniquefor test IH-48 (NASA-Ames

Test 211)

• Fourthcharacter:

A = Orbiterfuselage
?

B = Wing lower surface

_. C " SRB
._. D = RCS nose (SRB)

;..... E = RCS skirt (SRB)

,' F = Externaltank

; Fifthand Sixth character - identifiesthe group of runs for that

Q." particu,lardataset(seeTable II)

i-...; Example: RNBFOI

; h/href data, test IH-48,externaltank datasetOl (runs 6,8-13,7)

2Z. .

L _ ............. _ .... - .... ,,,,,,i....... _ _m_n I I "'--[" ....
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INSTRUMENTATION

The60 OTSmodelis instrumentedwith830 30-gage,Iron-con_tantan
I!o

thermocouples(T/C's).For thesetests,however,only600T/C'swere

,i_ monitored;75 on theOrbiterlowersurface,375on theexternaltank,and

150on theSRB. A11 thermocouplesare spotweldedto 0.030in.nominal

, skinthicknessareas

i!:-'" The instrumentationlocatingsystemis definedon Figurelb. Tables

'ii V throughVll listtheT/C Nos. 1ocatlons,andskinthicknessesfor the
i!' .

;. Orbiter,tank,and SRBrespectively.Figures2d through2g illustrate
A,

i! theT/C locations.TableIX liststhe hookupschedules forthe test.



I
%,

TEST FACILITYDESCRIPTION

The NASA-Ames3.5-FootHypersonicWind Tunnel is a closed-circuit,

blowdown-typetunnelcapableof operatingat mominalMach numbersof 5, 7,

and lO at pressuresto 180u psia and temperaturesto 3400°Rfor run times

to four minutes. The major componentsof the facilityincludea gas

storagesystemwhere the test gas is storedat 3000 psi, a storageheater

filledwith aluminum-oxidepebblescapableof heatingthe test gas to

3400°R,axisymmetriccontourednozzleswith exit diametersof 42 inches

for generatingthe desiredMach number,and a 900,000ft3 vacuumstorage

systemwhich operatesto pressuresof 0.3 psii. The test sectionitself

is an open-jettype enclosedwithina chamberapproximately12-feetin

diameterand 40-feetin length,arrangedtransversely to the f_owdirec-

tion.

A model supportsystemis providedthat can pitch models throughan

angle-of-attackrangeof -20 to +20 degrees,in a verticalplane,about

a fixed point of rotationor the tunnelcenterline. This rotationpoint

is adjustablefrom I to 5 feet from the nozzleexit plane. The model

normallyis out of the test stream (strutcenterline37-inchesfrom tunnel

centerline)until the tunneltest conditionsare establishedafter which

it is inserted. Insertiontime is adjustableto as littleas I/2 second

; _ and modelsmay be insertedat any strut angle.

A hlgh-speed,analog-to-digitaldata acquisitionsystemis used to

record test data on magnetictape. The presentsystemis equippedto mea-

sure and record the outputsfrom 80 transducersin additionto 20 channels

of tunnelparameters.

00000001-TSB07
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TEST PROCEDURES

The test facllltydata acquisitionsystemwas limitedto recording75

thermocouplesper run. The OTS configurationrequiredBight runs to ob-

tain a completedatasetwlth five runs for ET data, two runs for SRB data,

and one run for OrbiterloWer surfacedata. The OT configurationrequired

six runs since the SRB's were not present.

Cannon plugswith 15 thermocouples(T/C's)per plug were utilized. A

five-plugjunction(connector)box was constructedto mate the model plugs

to the facility's150°F referencebox terminalposts. Most model changes

were simpleplug changesbetweenruns. Re-wiringof some plugswere re-

quiredto allow acquisitionof tank data in two runs per data set.

Duringa typicalrun,T/C's for each of the 5 operationalplugs were

checkedto insurethat the model was isothermaland that the T/C°s were

functloningproperly. The wind tunnelwas startedwith the model out of

the air Stream. After the desiredtunnelconditionswere obtained,the

injectionsequencewas started. The model was automaticallyinsertedin-

to the air streamand reachedtunnelcenterlinefor approximatelyl second

and was then retractedautomatically.Data were recordedfrom the instant
L

)njectlonbegan until the end of retraction. Shadowgraphswere manually

taken when the model was on tunnelcenterline. (See Fig, 3(I) and 3 (J)).

m

_I_,! 17
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where it Is defined that:

aw " _p "_Ht Cp i (Taw)po

C'aw ="Co + C1 T'ew+ C2 Taw'2 (5)

": ¢ specific heat at adiabatic wall temperature

e_

.... 7,

_ ..... " ....... _ .f " iiii i1 " Ii I I IIIIIIII Illilli I II II Ill " ] ........... l..... I......ill--"__-_
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The form of Eq (3) ie fCTw) -mt + a whore _ is the slope and a is

the intercept for • straisht Line if heat-cent., ,,ion errors are noSltRtble.

• Thus, deviations from a straisht line can indicate heat-conduction effects.

The slope, m, of f(%) vs t from Eq (3) is computed by a lesst-Jquaru,

: straisht-line fit over a finite time interval (app-ox I set) bestwnins when

the model reaches uniform tunnel flow. The value of the heat-transfer

coefficient, h, is then determined from

Wc_bh = ----- m (6)
C

P

Usins this value of h, the heat-transfQr race is evaluated at the initial

time, ti, when the model is isothermal at the initial wall enthelpy0

.- Hwt
tll u

(7)
=_ - Ht Ht

where Haw/Ht is the same value used to evaluate h. The reeultent value

' of _ is independent of the value of H_4/H t used for both the h and

evaluacions.

The reference sphere heetinS is also evaluated at the inital well

enthalpy by the method of Fay and Riddell (ref. 2_z

- hs (Ht - Swl) "--hs Ht (l.O -_t i) (8)

The model-to-sphere ratio of heat-transfer coefficients _ then i
determined from Eqs. (7) and (8) as

_! '19

00000001-TSB10



I

!

wher_ _/I Lo con,_nnt for _11 values oE Hew/lit.

•. To determine h/h for vnrious walt/so of Haw/Hit the particular value of

Rs_I/Ht is substituted into Eq. (9).

The Stanton number Is defined as

i i r i

•_. ou ou( sw" ".t ) (lo)

where for free-stream cond£_,_ons0 pu - p_ V= .

!.;. The calculations of the model heatin$, reference sphere heatins, end

i . Reynolds number included the corrections of NACAreport 1135 (ref. 3) Eor

i calorically imperfect, thermally perfect air. Keyes' equation for viscosity

_ " (see ref. 4) was also used for the sphere heatin8 and Reynolds numberi

i "" computations:

i

!_ 0.0232 x 10-6 T0"$

;:! IJ - 1+ 2-_-2T0x 10"9/T'' (11)
i

where the units for T and u are "R and lb-seclft 2, respectively.

4

i, 20

F-,,
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TABLE ilI

_; MODELDIMENSIONALDATAt
e

MODELCOMPONENT:, BODY- BSZI i i

_i' GENERAL DESCRIPTION:. ConfiF-urati°n 140C orb_te,, fuselage t MCR 200-R 9

!_, _S.it_ilar to 140A/B .fu,_elago e,,,.cf,pt aft body v evi,_ed and improved

midbody-wlng-boot .fairing, Xo = 940 to _, = 1040. _ , .
!,/'

MODEL SCALE: 0.0175

DRAWINGNUMBER: _ VLT0.000140C, -000Z0ZC,-000Z05A
VL_0-000Z00B, -000Za3

! DIMENSIONS: FULL SCALE MODELSCALE "I

Length (IML: FWD Sta 7,o=238),In. 1290, 3 Z2.58

Length (OML: Fwd ._taXo=;_35),In. 1293.3 __.Z2..6.3 _............................

Max Width(At Xo = 1528.3), In. 264.9 4.62

Max Depth (At Xo = _[464),In. .25Q,0 4.38

: Fineness Ratio 4. 899 , 4.8.9.9

t _ I •

Area " Ftz j i J

Max. Cross-Sectional 340. 885 O. 104i i rl i t

Planform ....

Wetted , : -

, Base ........

J

• 25

_. •....... , IHI I
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> - TABLEIll(Continued) .
{,!:

_.=,-, MODEL DIMENSIONALDATA I '

E__,

'_ MODELCOMPONENT' CANOPY - C1s. +
C t I I I ,I l n l 41..
,_
P

:_+:+ GENERAL DESCRIPTION :, Confimuration I+OC orbiter canopy. , V'ehic!e

+'_"' _cabin,No. 31 updated to MCR Z00-R4. Used wlth.,,fuselaae_ =_3" - +

LL.

,,_

, MODEL SCALE: 0.0175

DRAWING NUMBER" : V'L70-000140C, -000202B, -000Z04



i l I i ,
)

': TABLEI _I ( Conttnued) '

MODEL DIMENSZONAL .DATA
'; t

i

: MODELCO;'.IPON[NT:,, " _ 'ill ,, . ii i • It

e

GENERALDESCRIPTION: El evon.for co,nfiguration 140C. Hingeline at X o = 1387,i i ii i I i i Ill _ _ _

e!evon s_plitline _;, = 312.5, 6.0",_beveleded_es,jand centerbodtes.

-, ii i i J. i i 6 -- , ,- ,II |

•: MODEL SCALE.. O. 0175 •
• . J,.. i i , . , J ,i i [ • • L, _ 'J_ • ' • , • I ' -=

DRAWING NLNBER: VL70-000140C,_ -006089_ -00609Z

DIgENSIONS: FULL-SCAL_._._._._..£.EE MODELSCALE

::- Area " Ftz ,21,0.0 O. 064

Span (equlvalent) - In, 349.Z _ 6.III _
_- z;065

Inb'd equivalent chord- In., 118, 0
, I

. Outb'd equivalentchord 55. !9 0.76,6

Ratio movable surfacechord/ ,. •
total surface chord

At Inb'd equiv• chord ..... o:2o76 ,' _O.2c96

At Outb'd equiv, chbrd . _ o, 4004 ' ,_....o, 4004 •

: Sweep Back'Angles,degrees

, Leading Edge O.0 O.0, • . ,.i Ii i .i I

,.. Tailing Edge - I0,056 _ - 10.056• l • i

- . - ......
Hlngel_,-_oductof area & c) 0.'0 O.O"

Area Moment (1_a_t'_x_'_>1_u) Ft3 1587._25 O. 008I I ii i ii

:; Mean Aerodynamic Chodr, In. 90. 7 1. 587
.

Hingeline dihedral (ori.gin at'
Z = 261. 35091, deg. 5. 229 5. 229

0

.: p

_'_'! ,,.:;iNAL PAG_ IS 27

_-(_[i ,'L'OORQUA_ "

", . .. ..: ....- ._ ..... " -:2.__/__.L.._L.__2-.. - - - :- " " --_'......"

=-- "-'-......... - ..... 00000001-TSC04



TABLEI II(C0nttnued)

MODELDIMENSIONALDATA I

. BODY FLAP FIO _ .MODELCOMPONENT.. -

GENERAL DESCRIPTION:L C°nfLguratt°n 140C bocty flap. Hingeline located

= 1532, Zn - 287a_tX_• , _ i, L

,,-

| i i, i [

"' . MODEL SCALE: 0.0175 I

DRAWINGNUMBER' VL70-O00140C I -355114

;_ DIMENSIONS: FULL SCALE MODELSCALE
1

Length(XQ= 1525.5 to Xo = 1613), In. 87.50 1,531

Max Width(At L.E., X = 1525 5),In. 256.00 4.480

_, Max Depth (Xo= 1532), In. 19. 798 O. 346

FinenessRatio

:. Area - Ft2 roll ii i III I

_; Max. Cross-Sectional(At H. L. ) 35. 196 O.011ii

- Planform 135. O0 O. 041

Wetted ......

',- Base (Xo = 1613) 4.89 O. 0015i, ii

i

p
J

rc,Oi_,. 28

_'_.,, _;

L "' "* * , * .......... " I" IIII " [ | IIIIIIIl I II rrr I F"
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i_' TABLEI_i (Con_:tnued)

_ " MODELDIMENSIONALDATAI

i'. Mi)_ MODELCOMPONENT i OMS POD - lh ......

!/

i GENERALDESCRIP'igtl :. Con_ll_u_,ation 140C orbiter OM$ Pod - short pod.

_' i , ii

_: , . MODEL, SCAL7, : U. 0175 , J

.

_ DRAWINGNUMBER' VL70-008401 t -008410- I II

L

_' DIMENSIONS: FULL SCALE MODEL SCALE

i/' "_. Length(0"_/'3 Fwd Sta Xo = 1310.5).,In. 258.50 4. 524ii 11,

li MaxWidth(/:_. Xo =: 1511), L'_. 136.8 ' 2.3?4,

Max Depthcat X = 15111," Ir_. 74. 70 1.307

FinenessRutlo 2.484 . 2. 484

Area = _'t z ....

Max..Cross-Sectional 58.86d.. O.018• i i

Plar)form ........



TABLE III(Continued)

MODEL DIMENSIONAL DATA

MODEL COMPONENT' .R UDD_ R - R I. ..............

GEr,!ERALDESCRIPTION: ,, The, r,uddo.r is ,a s.econaary,,movabl 0 _,!r_oilatthe

trail_n_nc_goofthe yet.ilealfinthatImpar.tsy.a..wforces. _is ,Jirnenslo_na_l

data was calculatedfro.m/theOML maste r dimensions. . .

MODZ= S.CALZ"0.01VB

DRAWINGNUMBER: Vekicle 5 ConfigurationMCR 200, Rev. 7

DIMENSIONS: FULL-SCALE MODEL SCALE

Area - FtZ q7.84 _ __Q_o030

Span (equivalent)- In. _198,614 3.476

Inb'd equivalentchord -In. 91.07 I.699 _

0utb'd equivalentchord - In. .50.80 0.889

Ratiomovable surfacechord/
total surfacechord

At Inb'd equiv, chord O.400 O.400

At Outb'd equiv, chord o.400 o.400

Sweep Back Angles,degrees

Leading Edge 34.83_ 34.833
I

TailingEdge ,...Z6..Z¢9_. ZA_Z.43____

Hingel e
IBroduct of Area & c), 34 833 34_833

' Area Moment (Ne_i4_eol/me) Ft3 593,887 .. 0..0_2_

Mean Aerodynamic Chord, In. 72.840 I.275

30
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._ TABLE[1I(Contlnued) .

MOD_DZMEN3ZONALm_A

MODEL OOMIK)NENT: VERTIOAL - V 8
ml , i i i i T --

ON DESOBINON: ..C_'nfigur,ation 140,C.orblt_r vcrticM ,tail,.(idcntLcal

toconflguration 140A/B vertical tail).

MODEL SCALE: 0.0175
m

DRAWING NUMBV,R: VL70-000140C, -000146B

TOTAL DATA.

s_ea (Tbeo)- Ft2 i6 '

Planform 413. Z53 0,127 .,,
Span (Theo) - In. 315.72 _5.---
Aspect Ratio 1. 875 h675 __
Rateof 'raper 0._'0'7--_-?-
_l_per Ratio O.404 O.404 --.
S_eep-Baek An_les, De(_rees.

Leading Edge 45. 000 45. 000

0.25 EletaentL{ne : 4_1._13 .

Chords:

Root (Theo) "1t' 268.50 4. 699
Tip(Theo)',ZP 198__47 'IL898"
_u,c -T99.8--r- --_V_t':

" Fus. S%a. of .25 MAC 1463_75 _5_60.9._.

B.L. of .25 I,_C _ O. Q .......0__0.....
%

' Airfoil Seet'[on

Leadl_ :.,eds_-_ncle o _6. 10,00 . IO. O0

TTaillnd 1';edL_eA_le - DeZ. 14.9Z_Leadln_ Edge PAdlu_ ,"T-_&T-00

" Void Area 13. 17 0.0040

Blanketed _xea 0.0 0.0

_p. , O_IO]]V_ ' .. 3

t

2 22 . 2-".:- .... : ,.,;- : ..... _ , :, ..... . : ,-:=- ....... _....

00000001-TSC08
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' TABLEIlX(Contlnued)

MODELDIMENSIONALDA"I'A

MODELCOMPONENT:, l_og_t_,_ _,.Ijd - l_o,:k,:t 't(:,tc,r __=_ .....

GENERAL DI_.%:RIPTION:, Tl?.o RSIL_IL j'__ .an external_.. I, rOpul_ton._= _y_t(_.

which i_ jottl_,ono,.l and recov_ral.,Ic_ a_rt(._r l_urnoul. The BSRH',_

can be re£urb],_hod .-u_d rou_,ed a/tar recovery.
I ii i i l In Ill

DRAWINGNUMBER' VC77-000002C, VC70-O()OOO2A, VC72-000002CIt J, -- ,. ,, ,,.

Nodel Scaler .0i75 "

DIMENSIONS. FULt. SCALE MODELSCALE

Length 1789.60 _ ,'31"318

MaxWidth tank diameter in J 46.00 2. 555

:, Max Depth AFT ._hroud dia in 208.20 3. 643
" i

Fineness Ratio ......... 8. 596 Ff. 5n6 ._ _

1
Area Ft 2 .......... 1

Max. Cross-Sectional 236. 423 .072,1 l

]
Plan form .... ]

Welted ...... 1
i
I

_ose

WP of BRSM centorlino (Z_) ,I00.0 0.0700

FS of BSRH hobo (Z_ 7dq.o 13.003
i n. i

BP of BSRN centcrline (ZT) 2%0.5 4. 384

',Dll 3a ,i

O0000001-TSCIO
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_' TABLS _1_(Gcntlnued)

;; MODEL DI_,_ENSIONAI._AIA

.i

MODELCOUPONENT_ F.x_.,_ :[:mk - ".r_

: GENgRAL D_SCRIPTION ._____=.___.__

i

,." : ...... -,,t , _,,- _ -

o

DRAWINGHUh_BER. = VL7_-on:_l._O, vl.,,,-ono(m_
4

":; (Dimensions are to tank,,structural O,_B._TPS not in('llt,.h?(l)

,' Model Scale: .0175

DIMENSIONS; FULL SCALE MODEL SCALE',

. Length _] P,,I,.I.275 32.27.5

,._ Max Width 331. O0 5. 792

: Max Depth

:: : Fineness Ratio . .. 5.6,q7 5.6_7

-; " Area FT 2
Sl --

'i

":.' Max. Cross-Sectional 594. 678 .1821

, Planfor,n
'i

' ' Wetlod

'.• Bose

r-

i

34 '

t. Or,'.

_ .:

,,p ,i, ,_,.,_--..... • , " " Jl .... I ....... _ ........
i i i • IIIIIII

O0000001-TSCl 1
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i:" TABLEI.II(ConQ1Ud_d,))i=i

' '" i MODEL DIMENSIONALDATA

MODEL COMPONENT . EXTERNAL TANK . T_o

GENERAL DESCRIPTION: ......Op_tve no,;o ........

i J i | |, i. J I i i| Ju.....-.-- J iJ ,Ji _ ,L

I
l

.' .MODEL SCAI_;: 0,. 0175

i DRAWINGNUMBER: -_VL,?Z-O00143Dr VLTH-0Q00,:_3 m

i ,

i .

"" DIMENSIONS: FULL SCALE MODELSCALE
"_,,.

:° Length 1844.275 3Z.275,..,, : : -- __ j, ....

...,::

_-i-_i Max Width 331. O0 5. 792,o, _ ,.....
l ._"

_:" pth_. Max De .......

_;_i:';: FinenessRatio 5.687 5.687
J,l I ,,, _ i

Area - Ftz _ _• ii i iiii

Max.Cross-Sectional 594. 678 _ O.18Zl

Planform ..............

Wetted .........

Base ..... ,,

! .ose ra_i_s,lirl.. , ,'g,.11_, _16 _ .

. 35

b:"

=_ jzJ"___'_'-'-..=_;,_'-''=-_. . • .......... _ ..... i .1 I=, _ _. -i-ii*- .-I_ .... _ .... i iiii i iii II
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i'

_-i_.,., TABLE Vl THERMOCOI_ LOCATIONS- EXTERNALTANK(Continued_

: FUIL SCAI,E

': T 'C X/I, XT I-T ZT O ._F,_:C[_: ,_:0. THICi:t!E'3";M,\T,L RZ._{ARKS

_: (,z4 5o _ tso° ,e}.l$ _l/=_4.,

[_i 035 55 1 "0 '_'_5 II
_L

il .........................
[ "' [ 637 " 6 S .... _ i _ [_

; ' 638 " 70 ii._0 ) _$

F;:" 639 . 75 .... " _ $ [$

[_. 641 .85 .... ,61 _(;2. ."

_ 642 .86 _0_4"1

643 .87 j .o)¢_ , ,,, . _.

,, , ,, _

[. 645 .89 ,0 $$

#46 .9o / [ .a_

648 .926 .0305

::" 649 .95
_, ........ :Z :.03o8......

6so .35 19± .t_•- ,o331

6.51 .36 . l I , Ou_O ....

• 652 .37 [ ,_ _-_ |

653 .375 ._(_]0 _

654 .38 .0330

655 .385 .0330

p56 .39 .0330

1657 .395 _ .0330 _,

658 .4O

1659 .405 ,G'_t._

660 .41 I t_

66] .4151 ........... i_ _ _ I ; i _ _ _ ..............

..... ? I I _ _ -

663 •.425 , .... 2..O__._q_.....

664 .4_ ,_'_ I.(_

(,(,0 .43 t 0 _ I

- .....(_1' ii j

40
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TABLEVlTI_OCOtIPI._LOOAI'ION8- EXTERNALTANK(Contlnueld)

.... • • = ": --- r - ........... a , .....

SKI_I
T PC X/L XT TT ZT 0 ,,....._%T,L RF._ARX S
NO. THICK,,:',,:,,

669 :4.7 19 I.' '.'.?,03 Z_,..17-a
I

67(; ,44 I ,a.__.G.............. •
f

671 ! ,-.lq. ,O _j_'t

-'" _67::] ._o ,o_ +_
67 2 . O0 ,_1_tgl ........

674 .7c_ _,o_.7 } .....

675 .80 ], _O_(oO .

676 . ,83 ,0 _# '

677 .86 , _ 3 _"_i ....

678 .87 ,O_q_

679 .88 .1 ,t_39|
:

1

.. , : , , ,,

"' f6s!. .9o ! ..,O}3.0_

662 .9t .0305 ..........

685 .926 .0304

e_ .95 _ _ .0308 ..... _

,::85 .33 .... 1.97". ,0'_}! .... _ __+

686 .34 ,0 _1 ....

687 .35 ,03_ I .
I

_688 .36 [ .(}'g_|
,,i ' I , , n

68,) .37 _ _ il ...

60,_} .373 ,0_50

!69_. .so .:(_3"_1 t, e +

: i29:, ,,; .6o ..... ,0_
[6v_./.L....70 ,o_
+'i'692 .90 ,035/_ ' i"

69,_, ,9:2o t [ . I .oaa_.
697 .Oi5' 209. ,-,"' i

..... i ........ 0324

169,2, .030 : _O'_._ L _

_6_,9 .05 • 0350

t
_70(-_ .(_)7 . _'_2q ....

_70J . I0 .034g , , ,

'+_'_l_ - . 1.0all

41
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':-: TABLE Vl TI___OOOI;PI_LOCATIONS - I_I_RMAL TANK(Contlnued)

.._uL:,.,,A_::__ . ] [
NO. 'r *'T 'T THIC,'.NF,:;.,' " a

_'_--_o=__ .,_ ::i...._o_.so..o_3_...._7-4.............._ ....I
, ' I l704 ",) ; : L I o03&/+ ,

I• ! I l

' 705 .3..5 ..; L i "0325 ' !
' I _ = ............ r '' ...... : . ...........zoo!.:,,._, __:. : _L.., , :o3_ ::, _: :........... ]

i 50 : ' .0325 '
707 : • .L.., ..... :. : _........ i" , " : ...... t

•o3_9 .....
i:,! 708 :.oO ' ' !
i.. 7£? ,7o. ..................o3_,9.............. II
: .; 71o .8o ! , .0357 "' ]

L:_, 7h .87 .0352, 1'
',... 7.t2 .9_o6 .... ;, t .o3o6........... 1
:-" .....I
: ' l 714 " 0 3 .... " l : 03 _ 7 ..... :

I
.o7 _ .o3 6 __]

7t7 .:o .o3_,3, _ [ . [
7t8 .3.5 .o30&

" 719 .20 .0330

720 .30 .0311 [ ,:
;.. ,,, : ;,, , , , : : ,- ,, , ,, , 0I

:7. 721 .35 .o32_ I l
: , 722- 375 .0321 [

:, " 723 .50 .0322 . .. t

_- - .03/+8 ]1724 o60

725 .70 .o35o j

726 .8o ..... .o35_. : :: _ ,_I
727 . 87 ,"03_8

729 0.0 _ 0.0 _133_1 ....!......NTPPl F NOSE

:l I " I73(9 .O&3 .... 0324 , , " iIr--- D

731 [O.O]O " [ "_- .0323 I "
1

l I ,,
733 .(:':' _ J)324 _ l " l !

.0):'_ ! ""35 .n': _ .03_.5 " '
,, -- .

;I

_. '_ 42

L ....... - _ ::_ .... -_ • -_ ,', .... - " I"" lit ....... I..... " "' '
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IABLL V_,THERMOGOUPLE LOCATIONS -EXTBRNAL TANK (Con_i_ued_.



.0366

.0365

.036_

.036A

.0362

•0361

.0361

•.0306 •

•0275

•0282

i .0313!.

.0358

i •036& ,
E i
' 0367

.0368

.o369 1
•0368

,_ .0367
! ,

.0369

.0368

.0368

.0369

•0368

.0367

.0365

' .0365'

,.o361 I
•0360,

! I '.o3 2
t .o3

i .0316

... --!t .o35e

i_ .0276
1

- 45
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I !t

_.,, TABLEVl TFI_OCOUPI._.,LOCATIONS- __;XTERI_LTANI_.|C_nPtlnun4}

................... i ......

i I'_ :1: _'ULL oC,%LE

},!.._'[''L Ri'Y,ATYKS
.'" NO. X tL X.,@ T_ ZT @ THIqI:t:!.C.

I.'' 75 _ 112 '_ .0287' ,_7-4_' ;¢,11 . , ., .b,,N_,, _ LL i i ,,J

'-:_,, S43 . _., j , .0374

' U.!_ .3:;_2__......... .o369
. ! .o36 ,..............

3.16 ,37 .0361

i_, _47 .40 .0357;

.:i, 348 .45 j .0354 -,u,, _ _ • .." : L ,, .

.ii. s49 ,so .o31,6
i_ sso iSs ' .o333
c 351 .60 .0332

li: s52 .6s .o3z'?

. S53 70 .0317

B54 .75 •0343
, ,. ._ : ,,, , ,

• B55 ,.80 .0342

!::. ss6 ,.oo _ It, _.'°343
_.:,'! _57 I" 84 '].25.4 .0360

,, , ,, , ....

35a, .as _ .o35 '
359 ._.6 .o355

i'." oL . 8_77_____..... •035&

B61. .88 .0354

_" g62 .{',t* .0352

9,63 .90 .0350

_3C,4 .91 .......... r)_.n6 ....

B65 .o26 ]_ L..o_n7

B06 .F_O i 129.3 ° .035/_

B(,7 1.81 j_. .0356

_(,_ ._;: .0356
c

=_= : :: - = T --

?o .,,id !35`3 .03&6

: ,_, .,_,_ .03/4P,

, 1. ( ,,. •033 5

r)I_ r-,?_ . o7 - .o3_q

46
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l T/_L_ VI 'tH_OCOUP_ Z,OCATIOWS- _I'_RHAZ,I"A_ t,ont,tnuGd)?IYI.,LSCALE

SKYN RF'Y__K

r,_75 . Io I_50 .0339 17-_4

!_Z_-, . ,5 ....... I .o3o_ .. I ...............
i877 , . ,"o................ .0330 , i i •

1878 .35 .o358

:_379 .40 .0351

880 .5o .03_

_B] .55 .o_34

882 .60 I . o33z I,J i , . • i _ .... i , , I _ . .....

883 .65 .0326.

884 .70 .0313

:b353..........:. 885 .75

i886 .,_o .o3_
_8_' ._ ....i....... .o._

L

[88B I .s_ .o351

889 .80 .... .o.3_2..... . ,
: _89o .P,"/ .0350

_)2 .89 .o_,2

894 .91 ' _,0305 ]
.......

.926 } .03n6

p ......96 .95
........ . . . %F...... 0308..........

897 . _.2 i42,3 .03/_6
,_898 .435 •0356

a_)n .45 .03&O ;

_.,oo.5o l .o33_
_ . . : .. _ _- _ J _J _ . ._. ,,

,)o_ . (,o .0335

)02 .70 I¢ •03 26

'i ' n_O& ......

' _ _ i914 945 LS&.98 .0309 _I

: 47
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TABLE VI TI{g,_IMOCOtrP.LK LOoA'rIoNS _. E.XTERNALTANK (Continued)

77.'- F_ILL"'.',1.": I '.'Y,.TJ.............j ....................
_" 0 ll.fl/(,j''','.".........i,'_,,i_WI"I' REMARKS

I - -r . , III I ..... ,

.__1.7 .07 1_7 _' .0320 12__.

918 .oa I __.o326 '
.- 920 •]_.) .0333 j
•" 921 .IS .0307

=:" 922 .2t.) .033_

923 .42 .03Al

" 9 _,,_4 ,,, 435 r- ,03,_0 .......

925 .45 .0337
, i i: |

:-_"'-, _2_, .ss .o3_#
;=7 ......: .8o •03_3

: I i , l I , I_ i J __

" 9_.a .a7 .o3_,2 i'
:- ' 929 .88 .03_0

• " _)30 .89 .0338 I....

_"'° 931 . 90 • 03,30 "i

: ;,. 9.2,2 .91 _0_304 1
• ' 'q I

.... "7 ....... ':-. ' 933 .926 i - 0_'_05
m,4,...

934 , .41.5 ...........-.--,!'"....... 163. I. ? ,.'03_3 -'- I
935 .42 ' .03_o

•_;' 936 .425 I •0339 i .........

:....• 037 .43 i •0339 )!
- "" 938 .44 .03&O I: 939 .4_;3 I

')40 .45 i .0335 !

,-,41 ._o I .o32_ ]
i

. i' I {'_I") ' "" '

_:. F: _ I.:.,) ._ _' .03_

i--._ ,) 15 . ':3 168.0: .0352

,:41
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I
_,. TABLE VI _ THERMOCOUPLELOCATION5-[XI'[RNALTANK (Concludnd)

Full Scale Skin
i:, • THICKNESS MAT'L REMARKS
I:. TiC X/L XT ZT (,

977 ,012 ()o .0351 OGIVE

978 .Ol5 .0325

:i 979 .m8 -%3_#-....... ......i
980 .024 .0332

981 .o31 l i .....i _--.o3_.....
:, 982 .020 180° .0320

, .... [ -i't/.PPJ,,£..I_I.U.<;L983 .025 .0322 NIPPLENOSE

i,, 984 .030 2 NIPPLENOSEi i , ,

i",, 985 ...... .040 9(P° .0342-

!:;. 986 .05 .0344

, 987 .06 ..... .0338
988 .07 .0331

i' 989 .08 .0314

_ 990 •10 .0341
991 •15 .0303

992 .20 " _ i '0329 I_L

50

(.it'

,r'-

00000001-TSD13



' I I
) I !

. I
=I ! (_ I

qTABLEVII_.+THERMOCOUPLELOCATIONS- SRB

Pill -',",,t v
: ,ll )#L411) ).i

Tte' X'L X ' _ EgT')l P T'I, R_P,K_
I','O, 8 I "B g_, ....yw ,l,_L,_,:.p:.+.:h

mill _ l_'mmll'__iri4ill-iimmm_lmI_,r+llws,llmll,

lr.x_ d)ll'; ,,.t,l 1_o" .030 _ -4

,b 10();: .;,;_a .... . ,

.I00") . ;!,, [,, ,t. -,,I ,_ +0,?,0
P I ,_ L()(),I ,31.) ?' '7. *,_. ,0,,0

)(:,()'_ / o3z_"'_ , .']1 ) .."tl},l :." )

if,. l.uuu ""' !'"':-." ) ,030_,

s'... _1u07;_, . _,5 _.1...._ ,,' .0301)
il.!'. J.(){.)_.(,t) II",._.i )',

.6S I.+21 ."! ' 0302

lOJO .,, I.l( ;?.().1 ,029

,°+: IOII .,'+:5,,)l,P+,_l.k,) •028
101.2 '-+'................

::i.... ,) 15,:0.! ' , ,029

-)°--!__.....'_Z2.t :,,,o..-.; •030
O299" 1.014 .'-)25 IT"L:,,:'', .

,,:.... __Ioi+..............,)s.+),,.,.,..;j+_ ___=I?.,+I_.ome5...... .... ]tO18 .¢;)8o lg')l.O_)

1019 .094 i. ) l..l. 21' , .0305 ,

+ I
!f:;. 1021 .143 14- ":tO I I .030....... "1--'------I ...... -- ....
'+>' tO"'_=-.171 |_'.)5 I].O., +............• lo_,_I..2_ t " -...........il,

,_ )o24 ._ P.t?.sn! .o3o

I025 ._. !:;' ,(+>.,)_-_ .031

• L026 . .5 II_)'52. (,rt) •030.9

4,'.. !027 .33 P.I .::;. _' .0302

L028 _ .6 i;++qn'I+')' .030

,; .......... , 0302 '
..... i 0295 ', ___('t .',. , . .t) _ , .

_.>: l,-;;;-/.,F--r--)_....j-.o++_i- +_......
.,_)_,++m_P_omm - ,,, ,, ,,-- ...... i,j...;B_",_:..... - - -'::.q"I:()('-)RQUALITY _! "'_":s-LJ- "":' L___I_]_ -. • ....

L.. •............ =,,+ , - • . .._ .... : ..... _ _ , + - -

O0000001-TSD14





;: ) TABLE VII. THERMOCOUPLELOCATIONS- SRB (Continued)

: FIlLL SCALE

: SKIN R._';MA}',KS
'.'-lit,?::;_.;_]t"

.030

.o3o

.o3o
:!" .030

_; .030

_; .o3o5

i_' .0295 "'

;;, .8 .0295

>: .029
0029_

_..• .0298

_". •0295

! ' :844.5 .0201i.
i! " ,_ ,.o_oi.
, .e3o

.o3o

' .0315

.o_o2

.o3o.

.o3o

_" .030

.030,,

•030 ,:'i_7_,_,Tt,l,_',' '_'
.:!.. __ i_''.o3o

•.o3o ""
.030

.030

! .030

0_., 53

,,, ,, , i I III II III II I

00000001-TSE02





i 1 I

I
TABLEVII'_g_OIOCOW'I,_IECaTIa_ - 8d (CO.clu_ed)

? _C X 'L Xs YS Zs Y s_iN IyAT.L P_".Ar_SNO. THIC_t:ES?

1208 .i00 372.51 215 • .030 17-4
, |,

1209 I.05 286.23 18_ ==-" .0298 J

121o .99 3>5.26...... .03o
_' 1211 .10 372.51 i .030

11212 .043 274.8 ". 1.B_o .030
• :. ,, -- , ,,, , J__

1213 .05 286".23: : .030

1214 .057 297.66 .030

,,'% CI_1., "" •030.Ot,_ 309.0:.'.

_:_ .o_ _s_._ .o3oi 1
• :,.2._-,.._o_37_.5, . ![..I..o._oI

• 1220..967 tt6_4.'_-_-'. . . ./_R,.._,• .0295 . xcs(Skirt)
i,.,.i .975 1ou2.c 7 I .0296 1

z223 .995 171_.-_7 1 1 .030 1,
1224 .965 lu64.a__ 200° ,.030

1225 .o75 i_a:_:o_ ..... .o3o "_ " i

1_:_, .,)s5_6',;._, '029_ ]
1227 .995 17!6.:5 _ ..... ! _, .0299 ]
122,'3 .9_,5 [60A.8_., 220 ° .0298 !': _ ' ° .02-89 ............. I1229 .':'75 t(?°" Og

• ,- . ]

z23o .gas _c,90._h .0297 t ',

I _ t i,

'" I' _ ]

Ii

t

, t

:.,)_ i

_F t

_ ..... - ,. ,, "..... _H I II I

00000001-TSE04
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3 | i'

+ ,l I
_-+..++

,: }

+.++ TABLE VIII. TRIP RING DIMENSIONS
.i

L+:_ CONFIG. COMPONENT DATA SET BALL DIAMETER(in.) X/L*

OTS ORBITER l .025 .040

=+,' ET 1 None --

SRB l .Ol5 .019

2 .015 .040

QRBITER 2 .025 .070**

' ET 2 .025 .O19

":i SRB

ORBITER 3 to lO .025 .040

+ ET 3 to l0 .025 .081

SRB 3 to l0 .025 .019

OT ORBITER II to ]5 .025 .040

: L ET II to 15 .025 .081
_y

;_T ET ET/NIPPLENOSE 16 to 19 None --

:.; ET ET/OGIVE 20 to 23 None --

-_i ET ET/OGIVE 24 to 27 .025 --

' *Referencelengths,L (in.): Full Scale Model Scale

ORBITER: 1293.300 22.633
ET: 1845.428 32.295
SRB: 1725.20 30.!91

** ET trips changedfrom X/L = .070to X/I = .081
duringData set #2 (prerun 20)

Z '

L .... . ....... =+}+. 2_++_+_..._..:. ,2.;--:,+_2X::-:----_+-. : ';+'-

00000001-TSE05





I

'I'AJ',[,I_; IX- (Cont'd)
I,:X'I'EI<NA]_ TANK CONSTANT '_F;T

400 (['LUGS.ITIIRIJ5) [

,,.,,,.i/',' :;, ,,. tI,.,,,,,,!J/" """I"" i,,,,,,:,,II/',.".-.,,,,'
_:'_" F;,_. I'()',. _C,_. ;'.h_. I'(_'.. N,_. N<J. l'_J',.

1 600 1 34 633 2,4 66 666 66

2 601 2 3.5 634 35: " 67 667 67

3 602 3 ..36 635 % 68 668 (,8

el 603 4 37 636 37 69 66') 09

5 604 5 38 637 38 :_ 70 670 7o

6 605 6 39 638 39 71 671 5"1
7 606 7 4o 639 40 72 67Z 72

8 607 8 41 640 4.1. 73 673 73

9 608 9 42 641 42 74 674 7,1

1o 609 lo 43 64g 43 75 675 75

1t 610 1]. 4,i 643 44 ' '

12 611 12 45 644 45 '

1_3 612 13 '46 645 46

i 4 6 t 3 14 47 646 47

15 614 3.5 48 648 48

Z6 615 16 49 649 _9
J 7 616 17 50 65 0 50

18 617 18 .51 651 51

19 618 19 52 65Z 52

20 619 20 53 653 53

2J 6ZO 21 54 654 54

22 621 22 55 655 55

23 6,',2 2.3 56 656 5o

2,1 623 24 57 657 57

25 624 25 ..,.,8 658 5B

;_6 6Z5 26 59 659 59

27 6Z6 27 oo 660 60

:-m 62 ? ,:_ 61 661 61

2,) 628 29 (;,2 662 02

3o 629 3o 6:3 663 0.'3
"_1 630 31 64 664 (,4 '

"_' 65 1 32 t,5 665 65J'-

:;? • 6 }2 3

!=.. .................... ...-_ :.. -- .._-. 11- ,,tlill"l; I" ......... I i|ii I I I II

00000001-TSE07
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TABLE IX- (Cont'd)
EXTERNAL TANK CONSTANT SET (WITHINT[RSTAGE)

401(pLuos,l'1'zt  u

Ch_,l}xloI 3/(: SCOl..' ['h:,11JJ0;]T/C 5coi)(: ('h.antl(,l T/C '"
No. N',. I'o'_. No. No. I'o_. No. No. I'(_'_.

1 600 1 ' 34 633 34 66 666 66

2 601 2 35 634 35! " 07 667 67

_ 60Z 3 36 635 _6 68 668 ("8

4 603 4 37 636 S7 69 669 69

5 604 5 -38 63 7 38 70 670 70

6 605 6 39 638 39 71 67I 71

7 606 7 40 639 40 72 67Z 72

8 607 8 41 640 ,41 73 673 73

9 608 9 42 641 42 74 674 74

10 609 10 43 642 43 75 675 75

II 610" Ii 44 643 44 ' '

12 61 I* 12 45 644 "45 ' '

13 61Z* 13 '46 645 46

14 613* 14 47 646 47

15 614" 15 48 648 48 ' ,

16 615* 16 49 649 49

17 616. 17 50 650* 50 .-

18 617" 18 Sl 651" " 51

19 618" 19 52 652" 52 , ,

20 619* 2O 53 65 3* 53

21 . 6ZO* 21 54 654* 54 '

22 6Z I* 22 55 655* 55

23 6ZZ* .. 23 56 656* 56

24 6Z3" 24 57 657* 57

25 624. 25 5B 658* 5B

26 625* 26 59 659* 59

27 6Z6 27 60 660* 60

28 627 28 61 66 I* 61 z

29 6Z8 29 62 66Z* 62 ,

30 6Z9 30 63 663* 63

31 630 31 64 664* 64 t ,

32 63 1 32 65 665 65

33 • 632 33

= Under |Bterstageunit
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i 1 I i

)

.. 'I'A IH_ T'-:IX (Ct,nl'd}

E X T E l;,:.',IA I, T A N I< C O N;:;'I,'.AN T S F, T [
' | .

; .I_0 _i'I,IK3S 6 TI-,T.I_.U !0)

:' Plug i ' .... x)_a,'I /C 5,,o1.,' I l):, ) l_|. T/C :_.(U),. _ I).,IHJ,'I t'/'_.. ,_A _.)I),'
_ " ,__..0,.,.. [ ":()" N',. I 'f) .... No. -,N°',, • ,._ l"c)',,,,,. , .., N, ). N_). - I 'o,,'__.

i,, " ,_ 1 67 6 .! 34 709 34 oo 74Z 60
,: ] 35' 57 743 67
:_, , p. 677 2. 35 710

I 3 678 3 36 711 36 68 744 68
i! ' i 69 745 60
i: 4 679 4 37 71 Z 37

i!) I 5 680 5 38 713
38 7o 746 70

!i..' t 39 71 747 71
lJ. I 6 68 1 6 39 714

;' { 7 68Z 7 40 715 40 72 748 72_:: .e
: =_ 7 3
!_. 8 683 8 41 716 41 73 749
i: 74
i, 9 684 9 42 717 42 74 750f
.!
'; I0 685 i0 43 718 43 75 751 75
iI. . •

:i: II 68_ II 44 719 44

i " 12 687 12 45 7ZO 45 ' '
!_,

:" 13 688 13 '46 721 46.

_ 14 689 14 47 7ZZ 47

_ __ __ 15 690 15 48 7Z3 48

[' ' 16 69 1 16 49 724 49

,r 17 69 Z 17 50 7Z 5 50 :

18 693 18 __I 7Z6 51

19 694 19 52 7Z7 52
!
]

" 20 695 20 53 7Z8 53 ::1

_.. 21 696 21 54 7Z9 54 ' 1

|

: 22 69 7 22 55 73 0 55

23 698 o. 2.3 56 73 1 56 1

24 699 24 57 73 Z 57

25 700 25 58 733 58

26 701 26 59 734 59

27 70Z 27 60 735 60

-)¢.,_ 703 28 61 737 6[

2'? 704 ").9 62 738 £2

•30 705 30 63 739 63

"--_" 31 706 31 64 7,10 64 ' '

32 707 ;12 65 74 l 65 l
I

33 708 33 !

I C:

00000001-TSE09



TABLB IX (Cont'd)
EXTI_A_NAL TANK CONSTANT SET (WITH INTERSTAGE)

4]] (1)I,UGS 6 TIIRU I0)

.,oI T/'C SCOl,_' Lh:,._cl T/C Scol-. Ch_,,,.,.l T/C S,,,I,o
Nn. No. I"(__. No. No. Po:... N(_. No. I'o:,.

1 676 1 34 709 34 66 742 66

2 677 2 35 710 35" " 57 743 67

3 678 3 36 711 36 68 744 68

4 679 4 37 717.. . 37 69 745 69

5 68 0 5 38 713 38 70 746 70

6 681 6 39 714 39 71. 747 71

7 682 7 4'0 715 40 72 748 72

8 683 8 41 716 41 73 749 73

9 684 9 42 717 42 74 750 74

I0 685 * 10 43 718 4.3 75 751 75

II 686* ll 44 719 44 '
e

12 687"* 12 45 7ZO* 45 '

13 688" 13 '46 . 7Zl* 46

14 689 * 14 47 7ZZ * 47

15 690* 15 48 7Z3 48

16 69 1 16 49 7Z4 49

17 69Z 17 5o 7Z5 50

18 693 18 Sl 7Z6 51
t

19 694 19 52 7Z7 52 , '

20 695 20 53 7Z8 53

21 69 6 21 54 7?-9 54 *

22 69 7 22 55 73 0 55

23 698., 23 56 731 56

24 699 24 57 73Z 57

25 700 25 58 733 58

26 701 26 59 734 59

27 70Z 27 60 735 60 *

28 703 28 61 737 61 *

29 704* _9 62 738 62

30 705* 30 63 739 63
740 64 , ,31 706* 31 64

32 707 32 65 741 65

33 708 33

61
*= Under interstageunit
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.- I.,\I_LE IX (Comdt.'d)

!.:'<T1;;h_.l"J.\1, ']'AN[',_C (DH,'IT ANT :_;I,;T

420 (I:'I.,U('3,'3II '.tI-[I_U 15)

1
Plug "";';C,,;;ii,_.:-" J/," :,','I" ;,,',,,,,(,I ",/'_ :"-"I" I,._,.i_ r/(. ::-"I'"'

-. ..No:_ _'_,. N,,. l'c;.. _:,,. ._:_,.__ I',_.,',. . _....N,-,.__,..No. I',,.,.

.[ 75 Z I. 34 78 5 3,1 h(_ 817 6b

2 753 2 35 786 35 67 818 67

_ 3 754 3 36 78 7 _6 ('_i 819 ',[_

4 755 4 37 788 37 0Q 8Z0 69

5 756 5 38 789 38 70 821 7o

,"i, ' 6 757 6 39 790 39 51 71 82Z 71

. 7 758 7 40 79 1 40 72 8Z3 72
i_. #11

i_ 8 759 8 41 79 2 41 7.3 8Z4 73

i" 9 760 9 42 793 42 74 825 74
t

F-,.. I0 761 I0 43 794 43 _ 75 8Z6 75

" II 762 ii 44 795 44 ' '

, 12 763 12 45 796 '45

!-:',• 13 764 13 '46' 79 7 46

.--.i"" 14 765 14 47 798 47

15 766 15 48 799 48

r-!..' JT 16 767 16 49 800 49
)/

'-: 17 768 17 50 881 50

18 769 18 Sl 80Z 51
"I

!'_.. 19 770 19 52 803 52 ,

' "/: " 20 771 20 53 8 04 53

_. " 21 77Z 21 54 805 54

22 773 22 55 806 55%

i" #12 23 774 .. 23 56 807 56

i 24 775 24 57 808 57 '
! ,.

25 776 25 58 809 58

' 20 777 26 59 810 59

" 27 778 27 60 8 1 I 60 '
E

28 779 2_; 61 812 61

! , _ 29 780 [tO 62 S 13 62

[, , '7 30 781 30 63 814 63

t'.. 3I 782 31 64 815 64
i .

! " ' //I5 32 783 32 65 816 6.5

.., 33 784 33

00000001-TSE11









" I I I !I ( i I

I' At3I,IP, I')_ Cort'd)

:; ' I';X'.l'l_ F,i'IAI, 'rANK CONS'PANT SET

_:; 440¢l'l,.J(.i8 Z_ TI-IRU d6)
}, .

Plug* ...... t,,'L,,_, " T/', 5,'c_1,,' ), :._,,I T/C :5' .I"', ',,.',,I,'l I/{." q,'*q," i'l(}, . I'(,_,No, ',_,, N(J, 1"_.__,• N,}. N,l.t.._ l,c,,.. :i_1, . .... .

/, '_ 1 9 18 ,t 34 9 5 1 34 o_3 988 66

::" 'i 919 _ 3,5 952: 35 {}7 989 o7

;' 99
,. B 9 Z0 B .30 953 B(} (.,8 o 68

': 4 9 ZI 4 37 954 37 69 991 69
,! 'I

i: .5 9 ZZ 5 38 955 38 7o None 70

-'i.. 22 6 923 6 39 956 39 71 None 71

_!i 7 9 Z4 7 40 957 40 7,_ None 7

_!:. 8 915 8 41 958 41 73 None 7B

' 9 9Z6 9 42 9._9 42 74 l_iOlle 74

.: 10 9Z7 I0 4.3 960 43 75 914 75

.!_' II 9Z8 ii 44 961 44 '
w! ,

:/:_. 12 929 12 45 96Z 45

_: 13 930 13 '46 963 46
• "r

!i._ 14 931 14 47 964 47

_}_ 15 932 1.5 48 965 48 ' '

_: 16 933 16 49 966 49
I!'

"_"" 17 934 17 50 967 50
_..

_i 18 935 18 51 968 51
_:" 19 936 19 52 969 52

i" 20 937 2.0 53 970 53

I" 21 9_8 21 54 971 54

22 939 22' 55 972 55

23 23 940 ,. 23 t 56 973 56
24 941 24 _ 57 974 57

2.5 94Z 25 58 975 58

_. I 26 943 26 5'9 976 59
u

[! 27 944 27 60 98 Z 60

28 9',15 2.8 61 983 61 |

29 946 29 62 984 62.

'd.-- 30 947 30 63 5,'5 63

/_ 31 9'18 31 64 %86 64

32 913 32 65 987 65 I
4

"' ._ 3"3 950 33 ...

.0. (, -' 66

00000001-TSF01



] I

TABLE IX (Cont'd)

EXTEI_NAI, TANK CONSTANT SET (WITH INTERSTAGE)

441 (VLUGS ZZ THI{U Z6) .

, , -- _t- J

Plug [ (:h_,m_,_l T/C Scol,,_ _,,,,m_ T/C Stop? Ch:.meJ T/C .';cope
No. I No. No. Po,,. No. No. Pc).',. No. No, Po,_.

e

/' ! 918 1 :34 951" 34 " 66 988 66

2 919 2 35 95.2* 35" 07 989 67

3 920 3 36 953* '36 68 990 68

4 921 4 37 954* 37 69 991 69
" None 7o

5 922 5.-- 38 955* 38 7o

6 923* 6 39 956* 39 71 None 71

_ 924 7 40 957* 40 72 . None 72
None 73

8 925 8 41 958* 41 73 ,

22 9 9 26 9 42 959* 42 74 None 74

i0 927 10 43 960 43 75 914 75

I l" 928 11 44 961 44 "

12 929 12 45 962 45

' 13 930 13 "46" 963 46 , '

14 931 14 47 964 47

15 93Z 15 48 965 48 ' '

16 933 16 49 966 49

17 934* 17 50 967 50

18 935* 18 Sl 968 51

19 936* 19 52 969 52

" 20 937* 20 53 970 53

" 21 938 21 54 971 54

22 939 22 55 97Z 55

23 23 940 23 56 973 56
8,"

I 24 941 24 57 974 57'
25 942 25 58 975 58

26 943 26 59 976 59

27 944 27 60 98 2 60

28 9"45* 28 61 983 61 l

29 946* 29 52 984 62

30 947 _ 30 63 985 63

31 948* 31 64 98 6 6,t '
*

24 32 913* 32 65 98 7 65

33 950 33
67

00000001-TSF02



• J I I '[!... _ i f' I

i::
_:" ' TABLE IX (Gont'd)F
k. t_;X 'i' IgR N A I., T A N K
,,m-----

!:.. GONSTA]N'T SG T 610
;i: (OGIVE NOSE)

"):.............. ,.-';':"............... ' ' "r/c 5ct.,i,, (h:.m. I T/C .';copei Pl.ug _1, ..,,.1 1/_. _c(__l-" t l.:mn(:li ,"h). No. I_¢)s.

i_ .2o-, ::,,. n,,. _t',,_.z-, n,,. no. Po:.. 'T"_ ---: _==719 ....
!:i: i I 600 I 34 7Z4 34 66 66

_i:. I 2 601 2 35 725 35" 67 788 67

¢. i 3 60Z ' 3 36 7Z6 36 68 789 68q i
_::' r

,,- , 4 603 4 37 7Z7 37 69 79 0 69
_f': 13
:'_" l 715 38 70 79 1 70(.,, 5 604 5 38

'*"" I " None 39 : 71 79 2. 71

!_,_7 I 6 6os 6 39:,_._ 7 606 7. 40 None 40 i 72 793 72
b

_"'i _/I 8 607 8 41 None 41 73 72.0 73
I]%" . |

i_i". 9 608 9 42 None 42 74 75 2. 74

II:'' L 7s 7s3 7s":" I0 609 I0 43 None 43!2.

_'_" II 610 11 44 None 44 '
_:
_". 12 611 12 .-I .45 None 45 ' •

':.:" 13 616 13 ' 46 737 46

14 62.2. 14 47 738 47

_ , ;_: 15 624 15 48 739 48
, 16 6Z8 16 49 740 49
I

i 17 646 17 50 741 50

i 18 632. 18 51 742. 51

,_ 19 658 19 52. 743 52
,(

C: V
, ; 20 634 20 53 744 53

21 635 2t .54 745 54

22 636 22 55 746 55

#3
23" 637 23 56 747 56

2,1 638 24 57 748 57

25 639 25 58 749 58

26 640 26 59 750 59

27 672 27 [ 60 75 1 60 !
i

.; 2S 673 28 61 716 61 :

I::' 2.'_ 674 29 : 62 783 62 ,

__.___ 1230 675 30 63 717 63

"!": I_ 31 72.1 3t [ 64 718 64 , 'I
:: #9 32 (,81 32 I 65 786 05

00000001-TSF03



1 I I
)

TABLE II_' (tout'd)

EXTERNAI_ TANE

CONSTANT SET 611

(NIPPLE NOSE }

c|);um_:lT/c scope t_hh,,me).I"/(. ScupO Ch;,,m_l. T/(:"Scope
No. No .___: I"o s. No. No. Po _. No. No. Po _.

l 600 1 3,4 724 34 66 719 66

2 601 2 35 7Z5 35" 67 788 67

3 60Z ' 3 36 726 36 68 789 68

4 603 4 37 7Z7 ' 37 69 790 69

5 604 . 5 38 715 38 70 791 70

6 605 6 39 7.Z9 39 71 792 71

7 606 7 40 730 40 72 793 72

8 607 8 41 731 41 73 7Z0 73 '

9 608 9 42 73Z 42 i 74. 75Z 74

I0 609 iO 43 733 43 { 75 753 7.5

II 610 Ii 44 734 44 ' "

12 611 12 .45 735 45 ' "

13 616 . 13 46 737 46

14- 6ZZ 14 47 738 47

15 6Z4 15 48 739 '48

16 6Z8 16 49 740 49

17 646 17 50 741 50 .

18 63Z 18 51 74Z 51

19 658 19 52 743 52 , ,

20 634 20 53 744 53

21 635 21 54 745 54 '

22 636 22. 55 746 55
'_"

23" 637 23 56 747 56,

2,1 638 24 57 748 57 '

25 639 25 58 749 58 )

26 640 26 59 750 59

27 672 27 60 751 60

28 673 28 61 716 61

29 674 29 62 783 62

30 675 30 63 717 63

31 721 31 64 718 64 )
$

32 681 32 65 786 0S

33 723 33

00000001-TSF04



,' ii ' ' ]
") I

i i i
i".. i . [ _ i

_J:A]_LE I}qX (Cont'd)

EX'.FI,,RNAL TAN b:

)-- COWSTAN'£ ol:,,T hZD

;.. ( (OGIVE I',_.:.)_;l._)
W

• )

PlUg (.:h.,,m_,l J'/C s(.:or,e Lh.,mml T/C .s,:(,pe _'.h_,t,_e.l_/C :>,,:U',:
No. N,_. ),1o. Pos. No. ... No. ...... ['o_. .. No. No. l'ub.

i-, ,i- t 843 1 34 815 34 ' 66 988 66
;

i 2 844 2 35 816 35 " 67 989 67
3 845 3 36 817 36 68 990 68 ]

S 99 1 69 l-_:. ' 4 846 4 37 818 _ 37 69
_i_.*. I 1

_',: i 5 847 5 38 757 38 _._ 7o. 977 70 .:_
.: I 6 848 . 6 39 8ZO 39 71 978 71
_..'- ; I

:- #17 ? 849 . 7 40 758 40 72 979 72 II
8 850 : 8 41- 8ZZ. 41 73 980 73 ]

ii"

)" I 42 770 42 i ' 74 981 74

: iO 85Z ' i0 43 77Z 43 '-.- 75 992 75 !,

iL_. I
_: i ii 853 II 44 774 .44 ' ]

i._f I 12 854 12 .45 8Z6 45

i _, i 13 855 13 46 776 46 _

' 780 47. 14 856 ]4 47

_ • , 15 754 15 48 829 48 J

i. " _, 832 4916 873 16 49

17 874 17 50 834 50 i

: 18 875 18 51 835 51

:. 19 876 19 52 836 52 ' :
,.

• 20 877 20 53 837 53 iI 'I

i/
' : " 21 878 21 54 838 54 ' !

i

) 22 879 22 55 839 55, i

i 7;19 880 84Z 1.; 23 23 56 56 ,.

_ i , i
! - 24 881 2,1, 57 870 57 i
- t, 1', ' 88Z 58 871 58 ) ;

[.. j 25 25
i / [ 26 883 26 59 87Z 59 ]

' [ 27 884 27 60 893 60

I _8 885 28 (,t 983 6z _ i
] 29 886 2') 62 984 62 , ]
(:

[ 3t 756 31 64 986 64 !I
_iI_ I 32 _13 32 65 987 65 I

.,,_,, 70 i

_'#t "
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i !.... ' 1 i

$7 ; TABLE IX (Cont'd)

_ ERTERNAL TANK

_.. . CONSTANT SET 62] •

: (Nli-_Pl ,!: NOSE)

• ' T/C .%cop(:}_..- Plug ] Channei T/C Scope C'h.:mnol T/C Scope Chatmo ]
_-. NO. No. No. Pos. No. No. Pos. No. No. I'os.

_ 1 843 1 34 815 34 66 988 66

_-, 2 35 816 35 :' 67 989 67
2 844

_!J 3 845 ' 3 36 817 36 68 990 68

_*. 4 846 4 37 818 ' 37 69 99 1 69

_j. 5 847 5 38 757 38 70 .None 70
_;: 6 848 6 39 820 39 71 None 71
_."

_::, 7 849 7 40 758 40 72 None 72
_,: #17
L_: 8 850 8 41 822. 41 73 None 73

: None 74
9 851 9 42 770 42 74

_:" I0 852 10 43 772 43 75 , 99Z 5'5

_-'." II 853 ll 44 774 44 '

,_: 8Z6 45
_= .. .12 854 z2 .45

F---, 13 855 13 46 776 46 '

[-- 14 856 14 47 780 47

i-. _,

, 15 754 i5 48 8Z9 48 '

_ " 16 873 16 49 83Z 49

_j; 17 874 17 50 834 50
18 875 18 51 835 51

;:' 19 876 19 52 856 52 '

20 877 20 53 837 53

_:.. 21 878 21 54 838 54 '
,=;

22 879 22 55 839 " 55

_19 23' 880 _ 23 56 84Z 56'

i_'il 24 881 24 57 870 57 • ' '

25 88Z 25 58 871 58

26 883 26 5g 87Z 59

_: 27 884 27 60 893 60 :

28 885 28 61 983 61

29 886 29 62 984 62

---- 30 755 30 63 985 03
,

: 31 756 3t 64 986 64 , '

# ¢, 32 813 B! 65 987 65

_<., _ 33 814 q3
L_:__,

'_i 71
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TABLE IX. (C0nt'd)

SC)LLD ROGEI':T BOOSTI::R GON_TAN'[' SET

800(lq,UG8 [ TIa.RU 5) [,

............................. t i,',,_l_,l T/( :,( ,q,c ( I_,cul,,I "1"/_ ..... I"'
Plug , IJ.' _,,..I [/k .,, Ol)V
..NO. L,_. N,,. I'o_. >;,_. No. l'o',• N_,. N,). i'(_'_.

1 I000 I 34 1033 34 6(_ 1065 60

2 1001 2 35 1034 35 67 1066 67

3 lOOg 3 36 1035 _6 68 1067 _8

4 1003 4 37 1036 37 69 1068 60

5 1004 5 38 1037 38 70 1069 70

' 6 1005 6 39 1038 39 71 1070 71

7 1006 7 40 1039 40 72 1071 72

8 1007 8 41 1040 41 73 107Z 73

42 1041 42 74 1073 74
9 1008 9

i0 1009 I0 43 I04Z 43 75 1074 75

Ii I010 ii 44 1043 44 '

, 12 I011 12 45 1044 '45

13 lOlg 13 "46 1045 46

14 1013 14 47 1046 47

.15 1014 1.5 48 1047 48

-I 16 1015 16 49 1048 49

17 1016 17 50 1049 50

18 1017 18 51 1050 51

19 1018 19 52 1051 52

• 20 1019 20 53 105Z 53

'" 21 lOgO 21 54 1053 54

22 1021 22 55 1054 55

N 23 IOZZ 23 56 1055 56

2,1 lOg3 24 57 1056 57

25 log4 25 58 1057 58

26 lOg5 26 59 1058 59

27 I026 27 60 1059 60

23 IOZ7 28 61 1060 61 I

29 10Z8 29 62 1061 62

' I 3(.) lOg9 30 63 106Z 63

31 1030 31 64 1063 64 '

32 I031 32 65 1064 65

7 3 103Z 33

: _r3-

::_ 72
'. _I¢
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TA'BLEIX. (Concl'd)

SOLID ROCKET BOOSTIER GONSTANT SET

8?0 (PLUQS 6 THRU 11)

j I,

Ch;umel T/C 5cot_e tZh_:n-,e I T/(.' 5COl)O Ch;ulnc, I T/(" .%,,,po
N¢I___j.___.,NO_ .... l'() :,_ -- NO. No. Po ',. - .l'h_. NO. l '(* _.

1 1075 .1. J 34 I127 34 i 66 1222 66

:2 1076 P. 35 I028 3.5 57 1223 67

3 1077 3 36 1129 36 68 1224 68

4 1084 4 37 1130 37 69 1225 69

5 1094 5 38 1131 38 70 1226 70

6 1095 6 39 1132 39 71 1227 71

< 40 1133 40. _ 72 1228 727 1096 7 _

8 1097 13 41 1134 4.1. 73 1229 7:3

9 1098 9 42 1135 42 74 1230 74

I0 1099 I0 43 1136 43 _ 75 123 1 75

}3. 1100 II 44 1200 44

12 II01 12 - .45 1201 45

13 1102 13 46 1202 46

14 II03 14 47 1203 47

15 1104 15 48 1204 48

16 1105 16 49 1205 49

17 III0 17 50 1206 50

].8 III 1 18 51 1207 51
(

19 lllZ 19 , 52 1208 52 ,,
20 1113 20 53 1209 53

21 1114 21 54 1210 54

22 1115 22 55 121i 55

23' 1116 23 56 1212 56

24 I I 17 24 57 1Z 13 57

25 1118 25 58 1214 58

26 1119 26 - 59 1215 59

27 11Z0 27 6O 1216 60

28 1121 28 61 1217 61 ,

29 1122 20 62 BLANK 62

i 63 BLANK 63
30 1123 30 i
31 1124 31 I 64 1220 64 ,

I
}

32 1125 32 ,, 65 1221 65

33 1126 33
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_ii i. Shadowgraphof ET; Ogive Nose, Clean, No Trips _ = 0°, B_= 0°

, Figure3. - Continued
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j. Shadowgraph of OTS; _ = 0° 6 = 0°

Figure 3. - Concluded.
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